Introduction {#S0001}
============

When introducing a new drug into the market, it is necessary to submit evidence about its efficacy, safety and tolerability profile. In the course of the registration process, several clinical studies are performed to evaluate the benefit/risk ratio. The new drug will be typically tested over a placebo control, but may be also assessed versus an active reference drug to confirm assay sensitivity.

Few studies have shown that overall the estimated relative efficacy of widely used drugs varies substantially over time whereas the absolute effect of the drug is not supposed to vary substantially. Llorca et al. \[[1](#CIT0001)\] demonstrated an improved relative efficacy and safety of the antidepressant escitalopram vs. other antidepressants over time, using change from baseline to 8 weeks on Montgomery-Åsberg Depression Rating Scale total score, and withdrawals due to adverse events. Variations in the relative efficacy over time on two critical outcomes for assessing drug relativeness effectiveness were also identified for tiotropium, a reference treatment in chronic obstructive pulmonary disease \[[2](#CIT0002)\]. The difference was observed depending on whether the drug was used as investigational or comparative arm.

When randomized controlled trials (RCTs) include an active comparator arm, patients who previously received the comparator drug and did not respond to it are usually not selected for participation in the trial or formally excluded. This exclusion is justified on ethical grounds but may create a selection bias. The issue is particularly problematic when network meta-analysis or indirect comparisons are subsequently performed, since this exclusion criterion may have a different impact in the earlier trials using an active comparator than in the later trials using the same comparator \[[3](#CIT0003)\]. For example, when a drug became the Standard of Care after its introduction, the proportion of patients who are exposed to the comparator medication will increase over time, and thus the selection bias may become significant. Therefore the relative effects of newer drugs will be compared unfavorably versus the relative effect of older drugs. The Regulatory Authorities have recognized this selection bias. In their assessment of vortioxetine (Brintellix), where exclusion of the non-responders to the active reference duloxetine was an exclusion criteria, the European Medicines Agency (EMA) acknowledged in European public assessment report (EPAR) for Brintellix that 'The exclusion of non-responders and the inclusion of previous responders in the active reference arm could have introduced a bias in favor of the efficacy of the active reference, so differences in the efficacy of vortioxetine versus the active reference cannot be inferred on the basis of these studies' \[[4](#CIT0004)\].

This study aims to examine this phenomenon in another disease area. Migraine was identified as a potential area of interest, as a highly prevalent disease, with a considerable number of trials performed versus placebo and the same active comparator, sumatriptan, steadily been used as a reference treatment over time for acute migraine episodes \[[5](#CIT0005)\]. The objective of this study is then to assess the evolution of the relative efficacy and tolerability in double-blind randomized clinical trials of oral sumatriptan against placebo, since launch and the latest assessment.

Methods {#S0002}
=======

Data source and study selection {#S0002-S2001}
-------------------------------

A systematic literature review of RCTs of adults suffering from acute migraine episodes was performed using Medline. The search was conducted via the Ovid interface in July 2013, using the keywords related to migraine, headache disorders or cephalgia, and sumatriptan. The following limits/restrictions were used: enrolled patients with acute migraine episodes; age group ≥18 years old; randomized controlled trial; included a placebo control group; reported in English; reported proportion of patients with pain-free at 2 hours as a measure of efficacy and/or reported proportion of any adverse events as a measure of tolerability (see [Appendix A](#UT0001)). The search was conducted for the period from and shortly after approval (1991) to the following 15 years (up to 2006). This way of analyzing the data was consistent with the health technology assessment (HTA) agency perspective as the entire set of evidence is considered at time of evaluation.

Studies were excluded if they did examine the use of sumatriptan as a prophylactic treatment, or if they included \<30 patients per treatment group.

Two analysts reviewed titles, abstracts and finally full texts of the qualifying articles to determine whether they met inclusion/exclusion criteria. Any discrepancy regarding study eligibility for which a consensus was not achieved was reviewed by a third independent researcher.

Only treatment arms including sumatriptan approved 100 mg oral dose, selected as the most effective standard dose, and placebo were included in the analyses \[[6](#CIT0006)\].

Outcomes of interest {#S0002-S2002}
--------------------

Efficacy was evaluated as the proportion of patients with pain-free at 2 hours, which is the primary efficacy endpoint recommended by the International Headache Society (IHS) for clinical trials for acute treatments of migraine, as it aligns with patient satisfaction and is less subject to placebo effect \[[7](#CIT0007)\]. Pain-free was defined as a headache pain reduced from moderate or severe at baseline to none at 2 hours after dosing. Headache pain was recorded by the patient using a four-point Likert scale (i.e., 0 = none, 1 = mild, 2 = moderate, 3 = severe), as recommended by the clinical guidelines \[[8](#CIT0008)\].

Any study without reported pain-free at 2 hours data was not considered in this review, including the ones that reported headache relief at 2 hours, or pain-free at 4 hours.

In addition to the efficacy endpoint, a tolerability endpoint was also considered: tolerability was defined as the proportion of patients with any adverse events (AEs) after initial dose of treatment, out of the total number of patients randomly assigned to sumatriptan or placebo and who received at least one dose of treatment.

Statistical analyses {#S0002-S2003}
--------------------

For the first step, as a qualitative analysis, efficacy and tolerability of sumatriptan 100 mg over time were presented using the mean differences to placebo (sumatriptan-placebo difference scores). The publication date was used as a proxy of the clinical trial assessment if not reported. The trend in the relative efficacy and tolerability of sumatriptan over placebo over time was illustrated using the linear least squares fitting technique. Absolute efficacy and tolerability outcome results in the sumatriptan active treatment arm and the placebo arm were also shown over time, to characterize the trend in the sumatriptan-placebo differences over time.

As a second step, meta-analyses were performed using the inverse-variance weighted average method (fixed effect model) described by Sutton et al. \[[9](#CIT0009)\] and Thompson et al. \[[10](#CIT0010)\] to estimate the odds ratios of the occurrence of pain-free at 2 hours and of any adverse event, based on available RCT data from launch in 1991 to 2006 on a yearly basis. The goal was to provide quantitative summaries of clinical trials data performed between the launch of oral sumatriptan to the following 15 years (up to 2006). Meta-analyses were implemented to compare the group treated with sumatriptan and the control group given placebo in terms of two outcomes: pain-free at 2 hours for efficacy and any adverse events for tolerability. The aim was to illustrate the year-to-year re-evaluation of a drug according to all previous clinical trials performed. Outputs generated from these analyses were presented as odds ratios of the occurrence of pain-free at 2 hours and of the occurrence of having any adverse event by period.

As a last step, increases in odds ratio of the occurrence of pain-free at 2 hours estimated by time period compared to 1991--1994 launch period were assessed, and the analysis of variance (ANOVA) method was used to test the linear relationship between estimated odds ratio increases and time periods.

All analyses were performed by one statistician, and quality control was conducted by another.

Results from analyses were then compared, and any discrepancies were resolved by program examination by the statisticians.

Results {#S0003}
=======

[Figure 1](#F0001) describes the process for inclusion of articles in the analysis, in agreement with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines \[[11](#CIT0011)\]. Of the 63 publications selected by this process, four reported the results of two different trials \[[12](#CIT0012)--[15](#CIT0015)\]. Thus, a total of 67 trials were selected as potential relevant RCTs for the analysis. 10.1080/20016689.2019.1603538-F0001Figure 1.PRISMA flowchart.

Efficacy assessment {#S0003-S2001}
-------------------

Of the 67 RCT studies, 25 studies included a placebo and a sumatriptan 100 mg treatment arms, with available data on the proportion of patients with pain-free at 2 hours in the two arms.

Hence, 25 studies were selected for the efficacy evaluation to compile the results of acute migraine clinical trials published between 1991 and 2006, that included 9627 patients with migraine (with 5601 patients assigned to sumatriptan 100 mg and 4026 assigned to placebo). The list of references to these studies is available in [Appendix B](#app0002).

Qualitative description of the relative efficacy of sumatriptan versus placebo over time {#S0003-S2002}
----------------------------------------------------------------------------------------

The magnitude of sumatriptan--placebo differences over 15 years after launch was first evaluated, as shown in [Figure 2](#F0002).10.1080/20016689.2019.1603538-F0002Figure 2.Correlation of sumatriptan--placebo differences (difference between sumatriptan and placebo groups in the proportion of patients with pain-free at 2 hours) with the year of assessment.

A considerable increase in absolute placebo effect was observed between the launch of sumatriptan and later assessment. Assuming a linear placebo effect over time, the proportion of patients with pain-free evaluated in the RCTs increases from around 5% to 20% in 15 years.

Despite this increase in the absolute placebo effect, the relative effect of sumatriptan was found to increase over time. With a linear effect assumption over time, the sumatriptan-placebo differences observed in the RCTs increased by about 10 percentage points within 15 years after drug launch (1991).

This result confirms a positive correlation between the relative effect of sumatriptan versus placebo and the time of evaluation.

Meta-analysis -- trend over time of the relative efficacy of sumatriptan versus placebo {#S0003-S2003}
---------------------------------------------------------------------------------------

[Figure 3](#F0003) presents the odds ratios for occurrences of pain-free at 2 hours of sumatriptan versus placebo, estimated from meta-analyses of RCT data published within the different time periods (from period 1991--1994 to period 1991--2006).10.1080/20016689.2019.1603538-F0003Figure 3.Odds ratios for occurrences of pain-free at 2 hours, sumatriptan versus placebo.

The relative efficacy of sumatriptan versus placebo varied considerably over the different time periods. By adding RCT data from 1995 to 1999 in the meta-analysis, the estimated odds ratio \[95% CI\] was increasing from 3.13 \[1.67--5.86\] (1991--1994) to 4.45 \[3.10--6.40\] (1991--1999). It decreases to 3.97 \[3.04--5.18\] by including RCT data published until 2002 (1991--2002). The maximum odds ratio estimated was 4.64 \[3.98--5.41\], attained using efficacy data of RCTs published until 2004 (1991--2004). Finally, based on the 25 studies selected in our review and published from 1991 to 2006, the odds ratio for the occurrence of pain-free with sumatriptan compared with placebo was estimated at 4.14 \[3.67--4.67\], or a 32% increase compared to the first estimation based on RCT data from 1991 to 1994.

Estimated increases in odds ratios for occurrences of pain-free at 2 hours, sumatriptan versus placebo, compared to 1991--1994 launch period, are shown in [Figure 4](#F0004). The ANOVA indicated the significant positive slope of the regression line (p = 0.0232). 10.1080/20016689.2019.1603538-F0004Figure 4.Increase in odds ratios for occurrences of pain-free at 2 hours, sumatriptan versus placebo, compared to 1991--1994 launch period.

Tolerability assessment {#S0003-S2004}
-----------------------

Twenty-eight studies (10,162 patients) reported the probabilities of numbers of patients with any adverse event from the launch of sumatriptan from 1991 to 2006. The list of references to these studies is available in [Appendix C](#app0003).

Qualitative description of the relative tolerability of sumatriptan versus placebo over time {#S0003-S2005}
--------------------------------------------------------------------------------------------

[Figure 5](#F0005) shows the sumatriptan--placebo differences obtained in trials, by year of publication.10.1080/20016689.2019.1603538-F0005Figure 5.Correlation of sumatriptan--placebo differences (difference between sumatriptan and placebo groups in proportion of patients with any adverse events) with the year of publication.

Both the absolute placebo effect and the absolute sumatriptan effect declined over 15 years after launch. The magnitude in a decrease of adverse events over time was comparable in both treatment groups, as illustrated by the parallel linear trend lines.

Therefore no significant variation was observed in the relative difference in tolerability over the years, using the occurrence of an adverse event as the tolerability outcome. Assuming a relative linear effect over time, the sumatriptan-placebo difference remains stable at around 12% from launch to the latest evaluated assessment.

Meta-analysis -- trend over time of the relative tolerability of sumatriptan versus placebo {#S0003-S2006}
-------------------------------------------------------------------------------------------

The odds ratios for occurrences of adverse events of sumatriptan versus placebo, estimated from a meta-analysis of RCT data published within a period (from the launch of sumatriptan to year Y) are presented in [Figure 6](#F0006).10.1080/20016689.2019.1603538-F0006Figure 6.Odds ratios for occurrences of adverse events, sumatriptan versus placebo.

No apparent variation in the risk of adverse event compared with placebo over time was evaluated using the successive meta-analyses of available RCT data from launch to the latest assessment.

Discussion and conclusions {#S0004}
==========================

This study aimed to assess the evolution of the relative efficacy and tolerability of the reference treatment in the prevalent migraine disorders disease -- sumatriptan -- between launch and later assessment. It was stated as a hypothesis that the potential improvement in relative effectiveness and tolerability overtime for drugs widely used could be linked to the exclusion of previous non-responders to the selected drugs, or non-inclusion of patients expected not to respond according to clinician judgment.

We found that the relative effect regarding efficacy of sumatriptan vs placebo increased between launch and later assessment. The average sumatriptan-placebo difference was approximately evaluated at 20% using the pain-free at 2 hours outcome in 1991 compared to an average of about 30% in 2006, based on published sumatriptan trials. These data confirmed the hypothesis of a positive relationship between the relative effectiveness of sumatriptan in comparison to placebo and the time of evaluation.

Such variability in the relative effect of widely used drugs after the market access can be explained by the differences in study design of post-marketing trials, compared to the design of the registration trials. It is expected that among the post-marketing trials, some trials will be profiling studies in patient subgroups in which the new drug is expected to demonstrate a better effect. The inclusion of post-marketing RCT data which demonstrated a higher benefit in a specific selected patients' subgroups for migraine treatment may then affect the ranking in the following years after launch, with a trend to improve.

Other factors that could have influenced the variability in the relative effect include the change in the management of migraine and potential bias in study selection. However, while sumatriptan came to be one of the most important therapeutic advances in migraine, after its discovery, other triptans entered the market over time. These new triptans presented minor changes in the original molecule's pharmacology and pharmacokinetics, but, on balance, the triptans acted similarly and lead to similar outcomes. In addition, the randomization would alleviate most of the effect of a change in the management of migraine. For the study selection, we conducted a systematic literature review that did not identify specific bias -- the number of non-included studies did not follow a specific pattern that could have influenced the results.

Changes in the treatment guidance and practice can also influence the results obtained in different periods of time of assessment. Therefore it is essential to take precautions when assessing the evolution of the effect of a drug over time.

We did not find any evident variation in the relative tolerability of sumatriptan over time. Both absolute sumatriptan and placebo effects regarding adverse events decreased between launch and later assessment, with a similar trend over time. A lower variability on the tolerability can be expected as it was previously reported by Llorca et al. \[[1](#CIT0001)\], who stated that 'Typically, any variation in the tolerability of drugs should not be as prominent as for efficacy as it is expected that drugs will have similar tolerability profiles across slightly varying patients' populations or disease's characteristics.' The decrease in the tolerability odds ratio estimated from 1991--1994 time periods to all other time periods may be linked to the Weber effect. As sumatriptan was a completely new class of drug, patients and physicians may have been more alert to new side effects. As the drug started to be more widely used and known, the reporting may have decreased post-launch. Further research should be done to explore this effect, as the Weber effect has become more controversial in recent studies \[[16](#CIT0016),[17](#CIT0017)\].

To our knowledge, no similar study assessing the variation of relative efficacy and tolerability of a reference treatment in comparison to placebo over time was previously published. However, the increase in placebo responses over time has been already demonstrated by a study conducted at McGill University in Montreal in US clinical trials of neuropathic pain published between 1990 and 2013 \[[18](#CIT0018)\]. Based on patient-reported pain outcomes, the relative pain reliever effect of painkillers versus placebo was evaluated at 27% in 1996, versus only 9% in 2013. This significant increase in placebo responses was driven by the US trials. Possible explanations are direct-to-consumer advertising for drugs allowed in the US, creating a stronger placebo effect, but also the more extensive and more costly US trials with a higher implication of nurses and the broader influence of the effect of the drug to their dedicated patients versus smaller trials.

It is important to note that this study is a preliminary research for evaluating the hypothesis that the potential improvement of relative effectiveness and tolerability overtime for drugs widely used could be linked to the exclusion of previous non-responders to the selected drugs. However, the present study has several considerable limitations. Thus, for several reasons, our analyses suggest directions for further research rather than firm conclusions.

First, the literature review used to identify the RCTs was a focused literature review in Medline. The methodology was systematic but should be extended to a search in other databases including at least Embase and Cochrane Central Register of Controlled Trials. Including data from unpublished sumatriptan trials would also increase the quality of the systematic review.

Second, although the analysis of the relative efficacy supported our primary assumption, it would be essential to evaluate different factors that may be related to changes in sumatriptan--placebo differences. With this objective, we could suggest the use of meta-regressions models to identify the various factors that have significant associations with the sumatriptan-placebo pain-free difference. Covariates such as inclusion and exclusion criteria, research design features and characteristics of the population (e.g., mean age, gender ratio, baseline severity) could impact the relative effects, such as the exclusion of non-responders to the reference drugs. This analysis will, however, present some challenges, as the change in patient populations participating in clinical trials across the years, such as the exclusion of non-responders or non-tolerable patients to the reference drug is not always reported in the publication.

Lastly, assessing the evolution over time of the relative effectiveness of sumatriptan should be evaluated using other efficacy outcomes. Some of our preliminary analyses suggest the increase in relative recurrence at 2 hours over time. But the results need to be contrasted to the one in headache relief, where the relative effect of sumatriptan decreased over time, partly explained by a considerable increase in the placebo effect. The subjective aspect of pain relief might also affect the outcome assessment.

To conclude, these results demonstrate that the time from market access may not be the most appropriate time to evaluate the relative effectiveness and tolerability of new drugs. Due to the limited value evidence collected for new drugs compared to widely used older drugs, the comparison may be biased. Also, sufficient time is needed to capture all of the benefits of a new therapy, and this may not be sufficiently revealed until post-registration additional data are collected \[[2](#CIT0002)\]. Finally, publication and selection bias may have an impact on the current methods of comparison. It is therefore of great importance to reevaluate a drug over time.

However, as it is essential for HTA agencies and other decision-makers to evaluate a new drug compared to other therapies at the time of launch, one critical recommendation would be to assess the comparison using RCT data with very similar design features and patient characteristics, such as using the data from pivotal studies submitted as part of the registration package at the time of launch.

In conclusion, the findings of this study highlighted that it is needed to reassess the relative drug effect several years after its introduction to the market. One way to ensure this would be to perform an appropriate mixed treatment comparison using all relevant RCT data when clinical development of the drug is completed, and there is likely to be less variation of drug relative efficacy and tolerability over time, or within five years after the drug launch, in most of the cases.
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